A new repetitive DNA element was identified in an isolate of Leptospira interrogans serovar copenhageni from a patient in Salvador, Brazil. A Sau3A genomic library from this strain was constructed and screened for repetitive DNA elements. An insert of 438 bp (Rep1) from one library clone hybridized to multiple chromosomal DNA fragments resolved electrophoretically after digestion with BamHI, HindIII, and MfeI. A single oligonucleotide primer, designated iRepl, was designed to generate multiple PCR amplicons of various electrophoretic mobilities in a PCR typing method. The method distinguished strains belonging to the eight pathogenic and three saprophytic species of the genus Leptospira. Clinical isolates obtained during urban epidemics between 1996 and 1998 in Salvador, Brazil, were analyzed by this PCR method. Although the iRep1 primer was unable to discriminate strains among L. interrogans serovar copenhageni isolates, it was able to differentiate strains belonging to different species and serogroups of Leptospira identified in Salvador. This PCR-based method may provide a faster and less expensive alternative to serologic tests used in reference laboratories.
Leptospirosis, caused by the spirochete Leptospira, is considered an important reemerging infectious disease worldwide (6, 14, 30) . Spirochetes have the ability to survive in a wide range of environmental reservoirs, including mammalian hosts, factors that combined with the great diversity of this organism to make leptospirosis the most widespread zoonosis in the world (6, 8, 10) . In Salvador, Brazil, more than 300 cases of leptospirosis are identified each year during the rainy season, and 15% of them die (14) . Because of the association of certain leptospira serogroups with severe disease manifestation and complications of leptospirosis, a test that can rapidly and easily distinguish serogroups and serovars during outbreak investigations is urgently needed.
Conventional identification and diagnosis of Leptospira are based on the serologic method of agglutination (6, 8, 16, 17, 23, 30) . This method of classification is complicated by the extreme diversity of the genus, comprising 11 species organized into 31 serogroups and over 250 serovars based on their antigenic relatedness (6, (31) (32) (33) (34) (35) . The basic taxon is the serovar (6) , defined by the cross-agglutinin absorption test, a serologic method requiring the preparation of antisera and the maintenance of a large number of reference serovars in culture (4, 6, 7) . Batteries of monoclonal antibodies raised against each isolated strain or reference serovar are also used for rapid diagnosis and identification, but are limited by the availability or access to these antibodies, which are usually confined to few reference laboratories (6) . These tests are often complicated by the extensive cross-reactivity of the antisera to shared Leptospira serovar antigenic epitopes (3, 4, 6, 7, 9, 13) . Because of this complexity of serologic identification, several laboratories have developed new classification techniques based on genetic heterogeneity among members of the genus Leptospira (3, 4, 7, 8, 9, 12, 19, 24) .
Numerous PCR-based techniques such as random amplified polymorphic DNA, arbitrarily primed PCR, and the use of insertion sequences in PCR-based assays (IS1500 and IS1533) have been developed and evaluated based on typing of leptospiral reference strains (1-3, 6, 7-9, 12-19, 22, 27, 29, 31, 33, 34-37) . Other molecular techniques such as restriction fragment length polymorphism (RFLP) and pulsed-field gel electrophoresis (PFGE) have been helpful in classifying leptospires at the serogroup level (4, 8, 12, 18, 23, 26, 28, 30, 32, 35) , but are not easily applicable in outbreak investigations because of the time and expensive equipment and reagents required to do them.
In this report, we describe a new repetitive DNA sequence identified and cloned from a clinical isolate of Leptospira interrogans serovar copenhageni. This cloned DNA fragment was used to develop a simple PCR assay based on a single oligonucleotide (iRep1) that could rapidly differentiate leptospiral serogroups in an epidemiologic investigation during an urban epidemic in Salvador, Brazil. (100 g/ml) .
MATERIALS AND METHODS

Leptospira
Screening the genomic library and DNA hybridization analysis. The DNA insert in the Sau3A library clones was amplified by PCR with the T3 and T7 primer set. Amplified inserts of 500 to 1,000 bp were size selected after agarose gel electrophoresis, purified with the QIAquick nucleotide removal kit (Qiagen), and labeled with the DIG-end digoxigenin (Dig) labeling kit (Roche Molecular Biochemicals, Indianapolis, Ind.).
Approximately 4 g of genomic DNA from strain L. interrogans copenhageni L1-130 was digested with restriction enzymes BamHI, MfeI, and HindIII and resolved at 20 V on a 1% agarose (Gibco) gel in 1 ϫ TAE (40 mM Tris acetate, 2 mM EPTA) overnight. DNA was extracted according to the protocol provided by the supplier (Qiagen), with the blood and cell culture kit from 500 ml of 7-day cultures of Leptospira cells. Genomic DNA fragments were denatured and blotted onto positively charged nylon membranes (Roche Molecular Biochemicals) according to the method described by Southern (25) . Both prehybridization (1 h) and hybridization (overnight) were performed under low-stringency conditions of 40°C and repeated at high-stringency conditions of 60°C in Dig Easy hybridization solution (Roche). After hybridization with Dig-labeled PCR products, the membranes were washed twice in 2ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-0.01% sodium dodecyl sulfate (SDS) for 5 min at room temperature and twice in 0.1ϫ SSC-0.01% SDS at 40°C and then at 60°C for 15 min. Membranes were exposed for 25 min to Biomax BL film (Eastman Kodak, Rochester, N.Y.) for the detection of chemiluminescent products.
PCR amplification and DNA extraction. DNA from 3-day leptospiral culture pellets was resuspended in distilled water to an approximate concentration of 10 8 organisms/ml, boiled for 15 min to kill the organism and release the DNA, vortexed, and centrifuged at 14,000 ϫ g for 15 min. Samples were stored at Ϫ80°C in 15 l single-use aliquots.
PCR was carried out with the GeneAmp PCR System 9600 (Perkin-Elmer, Norwalk, Conn.). The PCR mix included 10 to 100 ng of DNA, 100 pmol of primers, 2.5 mM MgCl 2 (Gibco BRL, Grand Island, N.Y.), 1ϫ PCR buffer (Gibco), 200 M deoxynucleoside triphosphates (Roche Molecular Biochemicals), and 1 U of recombinant Taq polymerase (Gibco) in a final volume of 50 l. Temperature cycles for the amplification were 94°C for 5 min, 94°C for 30 s, 50°C for 1.5 min, and 72°C for 4 min, with a final extension time of 7 min after a total of 35 cycles. Sample dye (0.25% bromophenol blue, 0.25% xylene cyanol FF, and 30% glycerol in water) was added to the PCR products, which were resolved for 1 h at 100 V on a 1.5% agarose gel in 1ϫ TAE. PCR assays were performed in triplicate, and products were visualized by the UV illumination of an ethidium bromide-stained gel. DNA from L. interrogans serovar copenhageni strain Winjberg was used as a positive control, while blank samples lacking DNA were used as negative controls.
Sequence analysis. The DNA fragment that hybridized to multiple Leptospira DNA fragments was sequenced by dideoxynucleotide chain termination reactions with the ABI Prism 310 genetic analyzer (Perkin Elmer). Nucleic acid sequences were analyzed by BLAST nucleotide similarity search at the National Center for Biotechnology Information. Primers were designed using Amplify Software (University of Wisconsin, Madison, Wis.).
RESULTS
Screening the genomic library and identifying the DNA repetitive element. An L. interrogans serovar copenhageni strain isolated from a patient during an urban epidemic in Salvador, Brazil, was used to construct the genomic library. On initial screening, PCR amplification of the genomic library identified 36 clones containing inserts of 500 to 1,000 bp. Of these, 35 clones hybridized to only one or two BamHI DNA fragments (data not shown). One clone, pRep1, hybridized to five BamHI fragments, indicating that this DNA insert contained a multicopy element (Fig. 1A) . Fragments varied in size based on the restriction enzyme. Southern blot analysis of BamHI or HindIII-digested L1-130 DNA demonstrated high-molecularweight fragments of between 3,000 and 8,000 bp, while that for MfeI-digested L1-130 DNA generated five fragments between 1,500 and 6,000 bp (Fig. 1) . Sequence analysis of the pRep1 DNA insert revealed a 438-bp AT-rich sequence, designated Rep1 (Fig. 2) , with one 348-bp open reading frame (accession number AF303218). The EMBL and GenBank databases identified no sequences similar to that of Rep1.
Copy number and distribution of the Rep1 element among Leptospira species. RFLP patterns for the 11 species of Leptospira varied based on Southern blot analysis with the Rep1 element (Fig. 1B) (Fig. 1B) .
Differentiation of Leptospira reference strains by PCR-based typing methods. Electrophoretic band patterns resulting from PCR-amplified products of 46 leptospiral reference strains were generated with the use of the iRep1 primer, a single 21-mer oligonucleotide based on a sequence within the Rep1 element (Fig. 2) . Each of the 11 species revealed a distinct pattern. Among 17 strains tested representing 16 serovars, the iRep1 assay distinguished 14 unique banding patterns (Fig. 3) . Further comparison of L. interrogans serovar hardjo and L. borgpetersenii serovar hardjo revealed identical patterns, although they belonged to different species.
Three distinct banding patterns differentiated the three serovars hardjo, sejroe, and castellonis belonging to the species L. borgpetersenii. Among 17 serovars tested, five L. interrogans serovars (automnalis, copenhageni, icterohaemorrhagiae, wolfii, and hardjo) displayed similar yet unique patterns. L. interrogans serovar icterohaemorrhagiae strain RGA and serovar copenhageni strain Winjberg displayed identical patterns.
Application of iRep1-based PCR to epidemiological investigation of leptospirosis. To assess relatedness among strains, we analyzed 22 clinical and 5 captured rodent (Rattus norvegicus) isolates with primer iRep1. Twenty-two of the clinical isolates and all five rodent isolates displayed a four-band pattern identical to that of the L. interrogans copenhageni Winjberg reference strain (Fig. 4) . However, one of the clinical isolates, L1-133, revealed a unique pattern. Compared to the reference bank strains from WHO, L1-133 had a pattern identical to that of L. interrogans canicola strain Hond Utrecht.
DISCUSSION
This report describes the identification and cloning of a new repetitive DNA sequence from a clinical isolate of L. interrogans serovar copenhageni. This cloned repetitive element was used in the development of a rapid and specific PCR assay to distinguish among serogroups and serovars during an urban epidemic that occurred between 1996 and 1998 in Salvador, Brazil (14) . The zoonosis caused by leptospiral species has a worldwide distribution, with recent outbreaks reported from Nicaragua (36), Brazil (14) , and parts of the United States (30) . The 1996 epidemic of leptospirosis in Salvador, Brazil, had a mortality rate of 15% (14) . Leptospira species have been associated with specific animal reservoirs (6, 14, 30, 31, 33, 34, 35) , such as serovars icterohaemorrhagiae and copenhageni, which are most commonly associated with domestic rats worldwide. Rapid identification of the etiologic agents in outbreaks and the differentiation of leptospiral serovars are critical in preventing high mortality associated with certain serogroups. Although this new PCR-based assay was not able to distinguish among serovars within the same serogroups, it was able to differentiate the 11 species and 16 serogroups of Leptospira.
Leptospira species are heterogeneous and are further grouped into 31 serogroups and over 250 serovars (1, 2, 4, 6-11, 14, 18, 20, 21, 27, 30-36) . These spirochetes are taxonomically classified by genetic techniques such as DNA-DNA hybridization (2, 3, 6, 21, 35) , but in many laboratories, diagnosis and classification rely on serologic methods based on the microscopic agglutination test. In reference laboratories, methods such as the cross-absorption agglutinin test and the use of monoclonal antibodies allow serovar identification (6, 7) . Due to the elaborate and complex nature of these classification methods and confusion with nomenclature, most clinical laboratories have had to rely on other techniques to distinguish leptospiral serogroups, particularly those associated with human disease.
The iRep1 PCR typing assay has several advantages compared to other methods used to classify leptospires. First, the use of a single oligonucleotide primer eliminates the need for difficult and time-consuming techniques such as maintenance of reference serum batteries, dark-field microscopy (3, 6, 7, 16, 17, 23) , and preparation of homologous rabbit antiserum used for the serologic assays. Second, iRep1 PCR was specific enough to detect leptospiral DNA from cultures that became contaminated with other bacteria, a frequent problem in the tropical environment. Third, iRep1 PCR was inexpensive compared to serological techniques and other genetic approaches in the identification of Leptospira. Unlike PCR-based typing assays, RFLP, Southern blot analysis, and PFGE require expensive reagents and equipment (4, 6, 8, 9, 12, 16, 18) . Other PCR-based methods have been reported, and the discovery of IS1500 and IS1533 DNA elements (34, 36) has allowed the development of repetitive-element PCR assays. Unlike iRep1 PCR, which uses only one oligonucleotide primer to amplify DNA, the insertion sequence PCR requires two inverted primers (34, 36) .
Interestingly, the iRep1 PCR assay yielded electrophoretic bands from strains belonging to serogroups that did not have DNA fragments that hybridized to the 348-bp repetitive element (Fig. 1) . The short primer sequence used for the PCR may anneal to similar sequences in the genomes of strains that lack the full repetitive element sequence. This would also explain the large number of PCR products obtained from strains that harbor the repetitive element.
One disadvantage of the iRep1 PCR assay was its inability to distinguish among isolates at the serovar level. However, it may still be helpful in discriminating serogroups from different animal reservoirs during an outbreak. Inability to genetically differentiate organisms at the serovar level by other techniques has been described (33, 36) . Both IS1500-and IS1533-based PCR typing methods were unable to differentiate serovars (they were able to differentiate serogroups) among clinical isolates during an outbreak in Nicaragua (34, 36) . Similarly, we were unable to distinguish the 22 isolates typed as serovar copenhageni based on their iRep1 PCR patterns.
The iRep1 PCR assay found similarities among many of the isolates from the urban epidemic in Salvador, Brazil. All 27 cultured isolates, both human and rat, were identified as belonging to the L. interrogans serovar copenhageni group, with the exception of isolate L1-133. This isolate was typed as L. interrogans serovar canicola based on the reference strain pattern. Standard serologic methods were used to confirm the serovar status of clinical isolates. Interestingly, the iRep1 PCR found that two serovar hardjo isolates from two different species (L. interrogans and L. borgpetersenii) produced identical electrophoretic banding patterns. Others have reported high similarity of the lipopolysaccharide biosynthetic loci (rfb) of these subtypes, suggesting horizontal acquisition of a large segment of the loci by one strain from another (5) . Such an observation made by this PCR-based typing system further validates its usefulness. This rapid typing method may therefore be applied in places with limited resources to assist clinical management of leptospirosis.
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